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(57) ABSTRACT

The present invention relates to advancements in injection
molding and in particular to a method and apparatus for
co-injection molding articles of complex non symmetrical
geometry. The method forms a multilayer injection molded
article comprising an outer skin of a first material and a
central core of a second material which is encapsulated by the
outer skin. The first and second materials are injected in a
single stream into a cavity of an injection mold, with the
second material encased within the first material. The flow of
the stream is controlled by means of flow paths within the
mold cavity such that both the first and second materials are
present in at least one first area of the mold cavity and that
only the first material is present in at least one second area of
the mold cavity. The flow paths include at least one primary
flow path in the first mold cavity area which divides into at
least two secondary flow paths. The resistance of a first of the
secondary flow paths in the at least one first mold cavity area
is reduced relative to that of a second of the two secondary
flow paths, which is in the at least the second mold cavity area.

18 Claims, 9 Drawing Sheets
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FIG. 6

FIG. 7

FIG. 8
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1
CO-INJECTION MOULDING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national phase application of
International Application No. PCT/US2011/028340, filed
Mar. 14,2011, which claims benefit from Great Britain appli-
cation No. 1004302.4, filed Mar. 15, 2010, both of which are
hereby incorporated herein by reference in their entirety.

FIELD

The present invention relates to improvements in injection
moulding and in particular to a method and apparatus for
co-injection moulding articles of complex geometry.

BACKGROUND

It has previously been proposed to seal beverage prepara-
tion ingredients in individual air-impermeable packages. For
example, cartridges or capsules containing ground coffee are
known for use in certain coffee preparation machines which
are generally termed “espresso” machines. In the production
of coffee using these preparation machines the coffee car-
tridge is placed in a brewing chamber and hot water is passed
though the cartridge at relatively high pressures, thereby
extracting the aromatic coffee constituents from the ground
coftee to produce the coffee beverage.

In EP-A-1440903 a cartridge is described which is formed
from high density polyethylene, polypropylene, polystyrene,
polyester, or a laminate of two or more of these materials. The
cartridge has an inlet for the introduction of water into the
cartridge, and an outlet for a beverage produced from said the
beverage ingredients. The cartridge comprises an outer mem-
ber, an inner member inserted in the outer member and an
aperture in a beverage flow path linking the inlet to the outlet
for producing a jet of the beverage. The cartridge produces a
jet of the beverage which can be used to alter the appearance
and characteristics of the dispensed beverage, by for example
entraining air into the jet of beverage to produce a multitude
of small air bubbles in the dispensed beverage.

The quality of many beverage ingredients, in particular
coffee, starts deteriorating when exposed to the air, for
example due to oxidisation of fatty acids and evaporation of
volatile oils which contribute to the flavour of the beverage.
This causes the coffee to have a stale flavour. In order to
maintain the quality of the beverage ingredients and to give
the cartridges a reasonable shelf life, it is therefore important
to prevent the ingress of air and moisture. Thus, whilst the
materials used in the manufacture of the cartridges are gen-
erally impermeable to liquids, to protect them from air pen-
etration, such cartridges are often packaged in gas imperme-
able secondary packaging, such as plastic wrappers or
metallised foils. Suitable materials used in such packaging
are, for example, polyamide coated cellulose film, ethylene
vinyl alcohol polymers (EVOH) or other vinyl alcohol poly-
mers (PVOH).

However, the use of secondary packaging has the disad-
vantage that, once it has been opened, the cartridges are
vulnerable to air ingress which causes staling of the product.
In addition, it is highly desirable to reduce the amount of
packaging used, both in terms of reduction of waste products
which need to be disposed of and to reduce packaging costs.
Furthermore, it is neither cost effective, nor environmentally
friendly, to wrap each cartridge separately.
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A number of prior art containers and packages exist, espe-
cially for food products, which are gas and water imperme-
able. For example U.S. Pat. No. 5,819,507 describes a pack-
aging container used for a liquid food formed from a
multilayer resin sheet, such as polypropylene and ethylene-
vinyl alcohol polymer, polystyrene and ethylene-vinyl alco-
hol polymer, polyethylene and polystyrene. The sheet is
formed by co-extrusion melding or blown film melding
deformed into a cylindrical container, which is bonded to a
separately formed sleeve or expanded polypropylene or
another material of greater rigidity than the resin sheet.

As described in U.S. Pat. No. 6,387,423 a composite sheet
can be preformed, for example of polypropylene and ethyl-
ene-vinyl alcohol polymer, and the food product wrapped in
the sheet and heat sealed.

Whilst the packaging materials described above are highly
suitable for protecting the beverage ingredients contained in
the cartridges described above, because of their complex
shape, the formation of the component parts of the cartridges
adds a limitation as to how these materials can be used. The
afore-mentioned cartridges are designed to incorporate a
variety of features that are not possible with a part formed
from sheet material.

It is therefore desirable to retain the present general con-
struction of the cartridges described in EP-A-1440903, whilst
making them substantially gas and water impermeable.

Such cartridges are conveniently formed by an injection
moulding process, which is one of the most common methods
used in manufacturing plastic articles and components for a
wide variety of applications. Although tooling is expensive,
the cost per part is low and the process is particularly suitable
for accurate high volume production of parts which require a
high tolerance.

In order that the outer member of the cartridge has suffi-
cient strength and rigidity to maintain its shape and not
deform in use, and can be injection moulded, it is necessary to
use a suitable polymer such as polypropylene, polyethylene
or polystyrene. However whilst these materials are imperme-
able to liquid, they are not sufficiently impermeable to gases
and it is desirable to include a gas impermeable barrier layer,
such as ethylene-vinyl alcohol (EVOH) polymer.

Whilst it is possible to form multilayer laminates of differ-
ent materials, using thermoforming and other processes, the
options have hitherto been somewhat limited with injection
moulding. Co-injection moulding is a process in which two
different materials, such as polymers, are formed into a lami-
nar structure during injection moulding. This produces a
sandwich construction of a skin and an inner core. However
until recently the polymers used have had to be compatible in
so far as they melt at the same temperature and bond together.
Ifthelayers are not bonded, the sandwich tends to delaminate,
i.e the layers physically separate, due to differential shrink-
age.

With recent advances in co-injection techniques, however,
it has become possible to mould multi-layer polymer articles
using a sandwich consisting of a core enclosed by inner and
outer layers in which the materials used for the core and
inner/outer layers are different. This means that the core may
be formed from a gas impermeable material, such as EVOH,
whilst the inner/outer layers may be formed from a more cost
effective material such as polyethylene, polypropylene etc. A
method of co-injection moulding multi-layer polymer
articles is described in WO-A-02/081172.

One of the disadvantages of injection moulding are that the
parts to be moulded (and therefore the injection mould itself)
must be designed carefully to ensure that the mould can be
properly filled, that the finished part can be extracted and that
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a myriad of other problems are avoided, such as distortion,
stress failure and cracking. With an article having a complex
geometry, as is required for these cartridge component parts,
and the requirement for rigidity as well as impermeability,
this has not been hitherto possible to achieve.

However the complexity of the design of the cartridge
component parts brings a further significant challenge in co-
injection moulding, which is currently generally only used for
manufacturing articles having simple, axially symmetric
shapes, such as cups and tubs. The structure of a more com-
plex article, for example one which is asymmetric and has ribs
and section changes as in the afore-mentioned cartridges
component parts, causes turbulence in the plastic flow during
the injection process and disrupts the laminar flow required to
maintain a contiguous core layer. This results in an uncon-
trolled layer structure which compromises the uniformity of
the core layer. The resulting moulded articles therefore have
a structure and layer thickness which cannot be relied on to
function as intended, which is particularly disadvantageous
where the core layer is intended to be a barrier layer or a
uniform coloured layer. This can also cause problems when
sealing to a face of a co injected part. It is possible for the inner
material to come so close to the outside of the part that the
physical strength of any supplementary sealing or welding
process would be insufficient for its function.

EP-A-0735943 addresses the problem of co-injection
moulding articles having a complex shape by designing the
mould cavity so that the flow paths therein all have substan-
tially the same hydraulic resistance. In addition the injection
points are selected and the injection temperature, pressure
and flow rate are controlled so that the different flows of
injected materials meet each other in a fluid condition at a
predetermined point.

It is an object of the present disclosure to further improve
the method and apparatus for co-injection moulding multi-
layered articles having a complex shape.

SUMMARY

The disclosure therefore provides a method of forming a
multilayer injection moulded article comprising an outer skin
of a first material, and a central core of a second material
encapsulated by the outer skin, comprising the steps of:

injecting the first and second materials in a single stream
into a cavity of an injection mould, with the second material
encased within the first material;

controlling the flow of the stream by means of flow paths
within the mould cavity such that both the first and second
materials are present in at least one first area of the mould
cavity and only the first material is present in at least one
second area of the mould cavity, the flow paths including at
least one primary flow path in the first mould cavity area,
which primary flow path divides into at least two secondary
flow paths;

wherein the resistance of a first of the secondary flow paths
in the first mould cavity area is reduced relative to that of a
second of the two secondary flow path, which is in the second
mould cavity area.

Preferably, the first material is substantially liquid imper-
meable.

Preferably, the second material is substantially gas resis-
tant.

Preferably, the first and second materials are difterent poly-
meric materials.

Preferably, the resistance of the first of the secondary flow
paths is reduced relative to that of the second of the secondary
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flow paths by varying one or more of the following elements
of the secondary flow paths relative to each other;

the cross sectional area of the secondary flow paths;

the length of the secondary flow paths;

radii between the primary flow path and the first secondary
flow path but not the second secondary flow path;

the angle(s) between the primary flow path and one or both
of'the secondary flow paths.

Preferably, one or more of the secondary flow paths
become primary flow paths which divide again to form fur-
ther secondary flow paths.

Preferably, the primary flow path divides into multiple
secondary flow paths.

According to a second aspect, there is provided apparatus
for forming a multilayer injection moulded article comprising
an outer skin of a first material, and a central core of a second
material encapsulated by the outer skin, comprising:

an injection mould having a cavity defining the shape of the
moulded article;

means for co-injecting the first and second materials as a
single stream into the cavity, with the second material
encased by the first material;

said mould cavity comprising flow paths to control the flow
of the materials such that both the first and second materials
are present in at least one first area of the mould cavity and
only the first material is present in at least one second area of
the mould cavity;

the flow paths including at least one primary flow path in
the first mould cavity area, which primary flow path divides
into at least two secondary flow paths, of which one of the
secondary flow paths is in the first mould cavity area and has
a lower resistance relative to that of other of the secondary
flow path, which is in the second mould cavity area.

Preferably, the resistance of the first of the secondary flow
paths is reduced relative to that of the second of the secondary
flow paths by varying one or more of the following elements
of the secondary flow paths relative to each other;

the cross sectional area of the secondary flow paths;

the length of the secondary flow paths;

radii between the primary flow path and the first secondary
flow path but not the second secondary flow path;

the angle(s) between the primary flow path and one or both
of'the secondary flow paths.

Preferably, one or more of the secondary flow paths
become primary flow paths which divide again to form fur-
ther secondary flow paths.

Preferably, the primary flow path divides into multiple
secondary flow paths.

The present disclosure also extends to a food or beverage
cartridge comprising an outer member formed by the method
of the present invention and including a sealing member
sealed to the outer member at sealing areas.

The disclosure thus enables the co-injection moulding
multilayered articles of more complex geometry than has
hitherto been possible, in which the presence of the layers is
carefully planned and controlled.

The method differs from the prior art methods which have
concentrated on controlling the flow of the injected materials
in a single flow by controlling the injection process param-
eters, such as pressure, temperature etc. Further the flow is
controlled by utilising flow paths of different hydraulic resis-
tance to determine where both the core and skin materials
flow to and where just the skin material flows to.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings, in which:
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FIG. 1 is aplan view of a prior art beverage cartridge of the
type described in EP-A-1440903;

FIG. 2 is a cross-sectional side elevation of the cartridge of
FIG. 1;

FIG. 3 is cross-sectional side elevation of an outer member
of the cartridge of FIG. 1;

FIG. 4 is a cross-sectional side elevation of a detail of the
outer member of FIG. 3 showing an inwardly directed cylin-
drical extension;

FIG. 5 is a cross-sectional side elevation of a detail of the
outer member of FIG. 3 showing a slot;

FIG. 6 is a perspective view from above of the outer mem-
ber of FIG. 3;

FIG. 7 is a perspective view from above of the outer mem-
ber of FIG. 3 in an inverted orientation;

FIG. 8 is a plan view from above of the outer member of
FIG. 3;

FIG. 9 is a cross-sectional drawing of an inner member of
the cartridge;

FIG. 9a is a cross-sectional drawing of a detail of the inner
member of FIG. 9 showing an aperture;

FIG. 10 is a perspective view from above of the inner
member of FIG. 9;

FIG. 11 is a perspective view from above of the inner
member of FIG. 9 in an inverted orientation;

FIG. 12 is another cross-sectional drawing of the inner
member of FIG. 9;

FIG. 12a is a cross-sectional drawing of another detail of
the inner member of FIG. 9 showing an air inlet;

FIG. 13 is a cross-sectional side elevation of another ver-
sion of cartridge;

FIG. 14 is a cross-sectional side elevation of a simple
co-injected moulded body; the body being in the form of an
outer member for a cartridge similar to that shown in FIGS. 1
and 2;

FIG. 15 is a schematic representation of a co-injection
process used in the manufacture of the moulded body of FI1G.
14;

FIGS. 16ato 16d are schematics showing the breakdown of
laminar flow of two co-injected materials to a bifurcated
section of a complex component; and

FIGS. 17a to 17¢ are schematics showing the controlled
flow of two co-injected materials to a bifurcated section of a
complex component.

DETAILED DESCRIPTION

By using the method and apparatus of the present disclo-
sure to produce the outer member of a beverage preparation
cartridge, the cartridge can be rendered substantially gas and
liquid impermeable. By way of background, a prior art bev-
erage preparation cartridge will first be described to illustrate
the complexity of the geometry of the component parts, and in
particular the outer member. However it should be noted that
this is just one application which can be used to form any
moulded articles having a complex geometry.

As shown in FIGS. 1 to 13 the prior art beverage prepara-
tion cartridge 100 generally comprises an outer member 102
(the moulded article), an inner member 103 and a laminate
105. The outer member 102, inner member 103 and laminate
105 are assembled to form the cartridge 100 which has an
interior 106 for containing one or more beverage ingredients,
aninlet 107, an outlet 108 and a beverage flow path linking the
inlet 107 to the outlet 108 and which passes through the
interior 106. The inlet 107 and outlet 108 are initially sealed
by the laminate 105 and are opened in use by piercing or
cutting of the laminate 105. The beverage flow path is defined
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6

by spatial inter-relationships between the outer member 102,
inner member 103 and laminate 105 as discussed below.
Other components may optionally be included in the car-
tridge 100, such as a filter 104, as will be described further
below.

The cartridge 100 illustrated is particularly designed for
use in dispensing espresso-style products such as roast and
ground coffee where it is desirable to produce a crema. How-
ever, it may be used with other products such as chocolate,
coffee, tea, sweeteners, cordials, flavourings, alcoholic bev-
erages, flavoured milk, fruit juices, squashes, sauces and des-
serts.

As can be seen from FIG. 7, the overall shape of the
cartridge 100 is generally circular or disc-shaped with the
diameter of the cartridge 100 being significantly greater than
its height. A major axis X passes through the centre of the
outer member as shown in FIG. 3. Typically the overall diam-
eter of the outer member 102 is 74.5 mm+6 mm and the
overall height is 16 mm=3 mm. Typically the volume of the
cartridge 100 when assembled is 30.2 m1+20%.

The outer member 102 generally comprises a bowl-shaped
shell 110 having a curved annular wall 113, a closed top 111
and an open bottom 112. The diameter of the outer member
102 is smaller at the top 111 compared to the diameter at the
bottom 112, resulting from a flaring of the annular wall 113 as
one traverses from the closed top 111 to the open bottom 112.
The annular wall 113 and closed bottom 112 together define
a receptacle having an interior 134.

A hollow inwardly directed cylindrical extension 118 is
provided in the closed top 111 centred on the major axis X. As
more clearly shown in FIG. 8, the cylindrical extension 18
comprises a stepped profile having first, second and third
portions 119, 120 and 121. The first portion 119 is right
circular cylindrical. The second portion 120 is frusto-conical
in shape and is inwardly tapered. The third portion 121 is
another right circular cylinder and is closed off by a lower
face 131. The diameter of the first, second and third portion
119,120 and 121 incrementally decreases such that the diam-
eter of the cylindrical extension 118 decreases as one
traverses from the top 111 to the closed lower face 131 of the
cylindrical extension 118. A generally horizontal shoulder
132 is formed on the cylindrical extension 118 at the junction
between the second and third portions 120 and 121.

An outwardly extending shoulder 133 is formed in the
outer member 102 towards the bottom 112. The outwardly
extending shoulder 133 forms a secondary wall 115 co-axial
with the annular wall 113 so as to define an annular track
forming a manifold 116 between the secondary wall 115 and
the annular wall 113. The manifold 116 passes around the
circumference of the outer member 102. A series of slots 117
are provided in the annular wall 113 level with the manifold
116 to provide gas and liquid communication between the
manifold 116 and the interior 134 of the outer member 102.
As shown in FIG. 5, the slots 117 comprise vertical slits in the
annular wall 113. Between twenty and forty slots are pro-
vided. In the embodiment shown thirty-seven slots 117 are
provided generally equi-spaced around the circumference of
the manifold 16. The slots 117 are preferably between 1.4 and
1.8 mm in length. Typically the length of each slot 117 is 1.6
mm representing 10% of the overall height of the outer mem-
ber 102. The width of each slot 117 is between 0.25 and 0.35
mm. Typically, the width of each slot 117 is 0.3 mm. The
width of the slots 117 is sufficiently narrow to prevent the
beverage ingredients passing there through into the manifold
116 either during storage or in use.

An inlet chamber 126 is formed in the outer member 102 at
the periphery of the outer member 102. A cylindrical wall 127
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is provided, as most clearly shown in FIG. 7, which defines
the inlet chamber 126 within, and partitions the inlet chamber
126 from, the interior 134 of the outer member 102. The
cylindrical wall 127 has a closed upper face 128 which is
formed on a plane perpendicular to the major axis X and an
open lower end 129 co-planar with the bottom 12 of the outer
member 102. The inlet chamber 26 communicates with the
manifold 116 via two slots 130 as shown in FIG. 3. Alterna-
tively, between one and four slots may be used to communi-
cate between the manifold 116 and the inlet chamber 125.

A lower end of the outwardly extending shoulder 133 is
provided with an outwardly extending flange 135 which
extends perpendicularly to the major axis X. Typically the
flange 135 has a width of between 2 and 4 mm. A portion of
the flange 135 is enlarged to form a handle 124 by which the
outer member 102 may be held. The handle 124 is provided
with an upturned rim 125 to improve grip.

The inner member 103, as shown in FIGS. 9 to 13, com-
prises an annular frame 141 and a downwardly extending
cylindrical funnel 140. A major axis X passes through the
centre of the inner member 103 as shown in FIG. 9.

As best shown in FIGS. 10 and 11, the annular frame 141
comprises an outer rim 151 and an inner hub 152 joined by ten
equi-spaced radial spokes 153. The inner hub 152 is integral
with and extends from the cylindrical funnel 140. Filtration
apertures 155 are formed in the annular frame 141 between
the radial spokes 153. A filter 104 is disposed on the annular
frame 141 so as to cover the filtration apertures 155. The filter
104 is preferably made from a material with a high wet
strength, for example a non-woven fibre material of polyester.
Other materials which may be used include a water-imper-
meable cellulosic material, such as a cellulosic material com-
prising woven paper fibres. The woven paper fibres may be
admixed with fibres of polypropylene, polyvinyl chloride
and/or polyethylene. The incorporation of these plastic mate-
rials into the cellulosic material renders the cellulosic mate-
rial heat-sealable. The filter 104 may also be treated or coated
with a material which is activated by heat and/or pressure so
that it can be sealed to the annular frame 141 in this way.

As shown in the cross-sectional profile of FIG. 9, the inner
hub 152 is located at a lower position than the outer rim 151,
resulting in the annular frame 141 having a sloping lower
profile.

The upper surface of each spoke 153 is provided with an
upstanding web 154 which divides a void space above the
annular frame 141 into a plurality of passages 157. Each
passage 157 is bounded on either side by a web 158 and on a
lower face by the filter 104. The passages 157 extend from the
outer rim 151 downwardly towards, and open into the cylin-
drical funnel 140 at openings 156 defined by the inner
extremities of the webs 154.

The cylindrical funnel 140 comprises an outer tube 142
surrounding an inner discharge spout 143. The outer tube 142
forms the exterior of the cylindrical funnel 140. The discharge
spout 143 is joined to the outer tube 142 at an upper end of the
discharge spout 143 by means of an annular flange 147. The
discharge spout 143 comprises an inlet 145 at an upper end
which communicates with the openings 156 of the passages
157 and an outlet 144 at a lower end through which the
prepared beverage is discharged into a cup or other recep-
tacle. The profile of the discharge spout 43 comprises a
stepped profile with a distinct dog-leg 166 near an upper end
of the tube 143.

As shown in FIG. 9, the discharge spout 143 is provided
with a partition 165 which extends part way up the discharge
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8
spout 143 from the outlet 144. The partition 165 helps to
prevent the beverage spraying and/or splashing as it exits the
discharge spout 143.

A rim 167 is provided upstanding from the annular flange
147 joining the outer tube 142 to the discharge spout 143. The
rim 167 surrounds the inlet 145 to the discharge spout 143 and
defines an annular channel 169 between the rim 167 and the
upper portion of the outer tube 142. The rim 167 is provided
with an inwardly directed shoulder 168. At one point around
the circumference of the rim 167 an aperture 170 is provided
in the form of a slot which extends from an upper edge of rim
167 to a point marginally below the level of the shoulder 168
as most clearly shown in FIGS. 9 and 94. The slot has a width
0f 0.64 mm.

An air inlet 171 is provided in annular flange 147 circum-
ferentially aligned with the aperture 170 as shown in FIGS. 16
and 16a. The air inlet 171 comprises an aperture passing
through the flange 147 so as to provide communication
between a point above the flange 147 and the void space
below the flange 147 between the outer tube 142 and dis-
charge spout 143. Preferably, and as shown, the air inlet 171
comprises an upper frusto-conical portion 173 and a lower
cylindrical portion 172. The air inlet 171 is typically formed
by a mould tool such as a pin. The tapered profile of the air
inlet 171 allows the mould tool to be more easily removed
from the moulded component. The wall of the outer tube 142
in the vicinity of the air inlet 171 is shaped to form a chute
leading from the air inlet 171 to the inlet 145 of the discharge
spout 143. As shown in FIG. 164, a canted shoulder 174 is
formed between the air inlet. 171 and the chute to ensure that
the jet of beverage issuing from the slot 170 does not imme-
diately foul on the upper surface of the flange 147 in the
immediate vicinity of the air inlet 171.

The inner member 103 may be formed as a single integral
piece from high density polyethylene, polypropylene, poly-
styrene, polyester, or a laminate of two or more of these
materials. The inner member 103 is preferably made using
injection moulding.

Alternatively, the inner member 103 may be made from a
biodegradable polymer. Examples of suitable materials
include degradable polyethylene, biodegradable polyester
amide, poly lactic acids, starch-based polymers, cellulose
derivatives and polypeptides.

The laminate 105 is gas and water impermeable and pref-
erably formed from two layers, a first layer of aluminium and
a second layer of cast polypropylene. The aluminium layer is
between 0.02 and 0.07 mm in thickness. The cast polypropy-
lene layeris between 0.025 and 0.065 mm in thickness. In one
embodiment the aluminium layer is 0.06 mm and the polypro-
pylene layer is 0.025 mm thick. This laminate 105 is particu-
larly advantageous as it has a high resistance to curling during
assembly. As a result the laminate 105 may be pre-cut to the
correct size and shape and subsequently transferred to the
assembly station on the production line without undergoing
distortion. Consequently, the laminate 108 is particularly well
suited to welding.

Other laminate materials may be used including polyeth-
ylene/aluminium/polypropylene, polyethylene/ethylene-vi-
nyl alcohol polymer/polypropylene, polyethylene/metal-
lised/polypropylene and aluminiunm/polypropylene
laminates. Roll laminate stock may be used instead of die cut
stock.

Assembly of the cartridge 100 involves the following steps:

a) the inner member 103 is inserted into the outer member
102;
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b) the filter 104 is cut to shape and placed onto the inner
member 103 so to be received over the cylindrical funnel 140
and come to rest against the annular frame 141;

¢) the inner member 103, outer member 102 and filter 104
are joined by ultrasonic welding;

d) the cartridge 100 is filled with one or more beverage
ingredients;

e) the laminate 105 is affixed to the outer member 102,

These steps will be discussed in greater detail below.

The outer member 103 is orientated with the open bottom
112 directed upwards. The inner member 103 is then inserted
into the outer member 102 with the outer rim 151 being
received as a loose fit in an axial extension 114 at top 111 of
the cartridge 100. The cylindrical extension 118 of the outer
member 102 is at the same time received in the upper portion
of the cylindrical funnel 140 of the inner member 103.

The third portion 121 of the cylindrical extension 118 is
seated inside the support rim 167. The shoulder 132 of the
cylindrical extension 118 between the second portion 120 and
third portion 121 bears against the upper edge of the support
rim 167 of the inner member 103. An interface zone is thus
formed between the inner member 103 and the outer member
102 comprising a face seal between the cylindrical extension
118 and the support rim 167 which extends around nearly the
whole circumference of the cartridge 100. The seal between
the cylindrical extension 118 and the support rim 167 is not
fluid-tight though since the slot 170 in the support rim 167
extends through the support rim 167 and downwardly to a
point marginally below the shoulder 168. Consequently the
interface fit between the cylindrical extension 118 and the
support rim 167 transforms the slot 170 into an aperture
providing gas and liquid communication between the annular
channel 169 and the discharge spout 143. The aperture is
typically 0.64 mm wide by 0.69 mm long.

The filter 104 is then placed over the inner member 103
such that the filter material contacts the annular rim 151. An
ultrasonic welding process is then used to join the filter 104 to
the inner member 103 and at the same time, and in the same
process step, the inner member 103 to the outer member 102.
The inner member 103 and filter 104 are welded around the
outer rim 151. The inner member 103 and outer member 102
are joined by means of weld lines around the outer rim 151
and also the upper edges of the webs 154.

As shown most clearly in FIG. 2, the outer member 102 and
inner member 103 when joined together define a void space in
the interior 106 below the annular flange 141 and exterior the
cylindrical funnel 140 which forms a filtration chamber. The
filtration chamber 160 and passages 157 above the annular
frame 141 are separated by the filter paper 104.

The filtration chamber 160 contains the one or more bev-
erage ingredients 200. The one or more beverage ingredients
200 are packed into the filtration chamber 160. For an
espresso-style beverage the ingredient is typically roast and
ground coffee. The density of packing of the beverage ingre-
dients in the filtration chamber 130 can be varied as desired.
Typically, for a filtered coffee product the filtration chamber
contains between 5.0 and 10.2 grams of roast and ground
coffee in a filtration bed of thickness of typically 5 to 14 mm.

The laminate 105 is then affixed to the outer member 102
by forming a weld 161 around the periphery of the laminate
105 to join the laminate 105 to the lower surface of the
outwardly extending flange 135. The weld 161 is extended to
seal the laminate 105 against the lower edge of the cylindrical
wall 127 of the inlet chamber 126. Further, a weld 162 is
formed between the laminate 105 and the lower edge of the
outer tube 142 ofthe cylindrical funnel 140. The laminate 105
forms the lower wall of the filtration chamber 160 and also
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seals the inlet chamber 126 and cylindrical funnel 140. How-
ever, a small gap 163 exists prior to dispensation between the
laminate 105 and the lower edge of the discharge spout 43. A
variety of welding methods may be used, such as heat and
ultrasonic welding, depending on the material characteristics
of the laminate 105.

Advantageously, the inner member 103 spans between the
outer member 102 and the laminate 105. The inner member
103 is formed from a material of relative rigidity, such as
polypropylene. As such, the inner member 103 forms a load-
bearing member that acts to keep the laminate 105 and outer
member 102 spaced apart when the cartridge 100 is com-
pressed. It is preferred that the cartridge 100 is subjected to a
compressive load of between 130 and 280N in use. The com-
pressive force acts to prevent the cartridge failing under inter-
nal pressurisation and also serves to squeeze the inner mem-
ber 103 and outer member 102 together. This ensures that the
internal dimensions of passageways and apertures in the car-
tridge 100 are fixed and unable to change during pressurisa-
tion of the cartridge 100.

In use the water, under pressure, enters the cartridge 100
through the inlet 107 into the inlet chamber 126. From there
the water is directed to flow through the slots 117 and round
the manifold 116 and into the filtration chamber 160 of the
cartridge 100 through the plurality of slots 117. The water is
forced radially inwardly through the filtration chamber 160
and mixes with the beverage ingredients 200 contained
therein. The water is at the same time forced upwardly
through the beverage ingredients 200. The beverage formed
by passage of the water through the beverage ingredients 200
passes through the filter 104 and filtration apertures 155 into
the passages 157 lying above the annular frame 141.

Beverage in the radial passages 157 flows downwardly
along the passages 157 formed between the webs 154 and
through the openings 156 and into the annular channel 169 of
the cylindrical funnel 140. From the annular channel 169 the
beverage is forced under pressure through the aperture 128 by
the back pressure of beverage collecting in the filtration
chamber 160 and passages 157. The beverage is thus forced
through aperture as a jet and into an expansion chamber
formed by the upper end of the discharge spout 143. As shown
in FIG. 8, the jet of beverage passes directly over the air inlet
171. Passage of the beverage through the restriction of the
aperture causes the pressure of the beverage to be reduced. As
the beverage enters the discharge spout 143 the pressure of the
beverage is still relatively low. As a result air is entrained into
the beverage stream in the form of a multitude of small air
bubbles as the air is drawn up through the air inlet 171. The jet
of'beverage issuing from the aperture is funneled downwards
to the outlet 144 where the beverage is discharged into a
receptacle such as a cup where the air bubbles form the
desired crema. Thus, the aperture and the air inlet 171
together form an eductor which acts to entrain air into the
beverage. Flow of beverage into the eductor should be kept as
smooth as possible to reduce pressure losses. It should be
noted, however, that in a high pressure state, this mechanism
of air eduction is de-activated.

The sealing of the filter 104 onto the spokes 153 and the
welding of the rim 151 with the outer member 102 ensures
that there are no short-circuits and all the beverage has to pass
through the filter 104.

The first construction of cartridge 100 described above is
given as an example of an “eductor” type of cartridge. How-
ever the disclosure is equally applicable to a “non-eductor”
type cartridge as described below.

FIG. 13 shows a second construction of beverage cartridge
100. Like components between the first and second embodi-
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ments have been referenced with like numerals. Many of the
components and functions of the second construction of car-
tridge 100 are the same as for the first construction. However,
it can be seen from FIG. 13 that the cartridge 100 has a greater
overall height compared to the cartridge 100 shown in FIG. 9.
The outer member 102 is taller and thereby defines a larger
void space in which a larger quantity of beverage ingredients
200 can be stored. The second construction of cartridge 100 is
therefore suitable for dispensing larger volumes of beverage.
The diameter of the outer member 102 and cartridge 100 are
the same as in the first construction. Typically the storage
volume of the cartridge 100 when assembled is 50 to 58
ml+20%. As with the first construction, the upper surface of
the outer member 102 is provided with a recess having a
clamping surface 118 located at a bottom thereof. The sepa-
ration D between surface 1184 and the underside of the lami-
nate 105 is the same as for the first construction. As a result,
the elongated recess extends approximately 60% of the dis-
tance towards the laminate 105. This advantageously allows
for a simplified clamping arrangement to be used as described
below. In this construction, there is no eductor 171.

As shown in FIGS. 14 and 15 a simple symmetrical moul-
ded article may be produced by co-injecting a skin material
222, such as polyethylene, to form an outer skin 210 and a
core material 223, such as EVOH, to form an uninterrupted
central core 211 which is totally encapsulated by the outer
skin 210.

This can be achieved using the co-injection process shown
schematically in FIG. 15. In simple terms, the process utilises
injection apparatus comprising two injection units 220a,
2205, each comprising a heated barrel 2214,2215 to which
the granules of the two materials 222,223 are respectively fed.
The skin material 222 is fed to one barrel 221q and the core
material 223 is fed to the other barrel 2215. The plastic melt
streams from each barrel 2214,221b are forced through a
manifold which ports them into a single injection nozzle
224a,224b at one or more injection stations, each of which
comprises a mechanism needle for directing the flow of the
two materials. The apparatus controls the combination of the
separate streams of the materials 222, 223 to achieve a skin-
core-skin flow sequence through the manifold into the mould.
In the resulting single stream the second material 223 is
encased by the first material 222.

The mould (or die) is typically made from hardened or
pre-hardened steel and comprises plates which are locked
together during the injection process and opened substan-
tially to release the moulded articles. Channels are formed
within the mould manifold to deliver the molten materials
222, 223 from the barrel to the injection port to reach the
mould cavity, which is shaped to the form of the desired
article. The mould must be designed to enable the injected
materials 222/223 to fill the cavity completely, and to allow
the finished article to be ejected.

As will be understood from FIGS. 1 to 13 the design of the
outer member 102, and therefore the mould cavity, is neither
simple nor symmetrical. In particular the outwardly extend-
ing shoulder 133 which forms the secondary wall 115, which
is co-axial with the annular wall 113, provides a geometric
complexity which gives rise to problems in co-injecting the
two materials 222,233,

This is illustrated in FIGS. 16a to 164 which are schematics
showing the combined stream of the skin material 222 and the
core material 223 flowing along a primary flow path 230
which bifurcates into secondary flow paths 231a¢ and 2315, in
which all the flow paths 230, 231a and 2315 have constant
cross sectional areas and no radii. The stream will split evenly
along the secondary flow paths 231a and 2315 as they have
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equal resistance. However the core material 233 will be
biased to the outside of the skin 222 after the split rather than
remaining central to the stream. In this area of the part the
flow is non-laminar and the turbulence caused by the bifur-
cation causes the layer structure to degrade, potentially caus-
ing the inner material to contaminate the part surface or
become unprotected.

This means that, where the core material 223 is a barrier
material, it may not be sufficiently protected by the skin
material 222 and the impermeability of the annular wall 113
is compromised. The strength of the component may also be
compromised if the disruption causes the core material 223 to
fold, resulting in an increase in the number of layers. In the
example of the outer member 102, the shoulder 133 and
secondary wall 115 provide strengthening for the flange 135,
so cannot be simply eliminated as in the simplified design
shown in FIG. 14.

Inthe present disclosure the flow of the stream of materials
222,223 is controlled by providing flow paths in the mould
cavity which ensure that the core material 223 is able to flow
with the skin material 222 to the areas of the cavity where it is
required to be present in the corresponding parts of the fin-
ished article (parts formed in first areas of the mould cavity),
at the sacrifice of other areas (areas formed in second areas of
the mould cavity) where it is not required. Furthermore the
core material 223 is preferably eliminated from areas of the
part where it may become a weakness when attempting to
attach other components. This can occur as the core material
may act as a contaminant where it is exposed at contact
surfaces or results in a layer thickness so thin that it cannot
provide the necessary strength. In the present example of the
cartridge outer member 102, the outer end of the flange 135
does not need to be fully impermeable as it does not form part
of the enclosure for the beverage ingredients, so these are
formed in second mould cavity areas. The annular wall 113
and secondary wall 115, on the other hand, do form part ofthe
beverage ingredient enclosure, so must be fully impermeable
and are therefore formed by first mould cavity areas. Conse-
quently the core material 223, which is a barrier material,
does notneed to extend all the way to the end of the flange 135
but it does need to fully extend along the walls 113, 115.

This is achieved by providing flow paths within the firstand
second mould cavity areas which have a higher and lower
resistance relative to each other where a single flow path
splits. This is explained with reference to FIGS. 17ato 17¢. In
this case, there is single primary flow path 230 which bifur-
cates to form two secondary flow paths 231a and 2315. The
design of one of the secondary flow paths 23154 is modified to
promote preferential flow along that path, by reducing the
flow resistance within the path compared to the other second-
ary flow path 231a.

The stream of materials 222/223 will tend to take the route
of'least resistance and so will flow along the secondary flow
path 23154 to fill that part of the cavity, before it will follow the
other secondary flow path 231a¢ Thus the primary flow path
230 and the one secondary flow path 2315 lie in a first mould
cavity area and are substantially filled with both materials
222/223 with the leading end of the core material 223 termi-
nating at the end of the flow path 2315. There is therefore no
flow of core material 223 into the other secondary flow path
231a, which lies in a second mould cavity area, so only the
skin material is present in that section of the part. The net
effect is to enable the elimination of the core material 223 in
one path 231a whilst ensuring its integrity in the other path
231b. This can be achieved in a number of ways, such as
including radii, increasing the cross-sectional area, changing
the length of the flow path (which affects back pressure), and
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altering the angle of one or both of the secondary flow paths
relative to the primary flow path. The choice of materials with
advantageous viscosities can even be selected to influence the
path of least resistance for the material to give the desired flow
state.
Although only a simple example has been illustrated with
a single primary flow path 230 which divides into two sec-
ondary flow paths 231a and 2315, many moulded articles are
significantly more complex. For example the primary flow
path can divide into more than two secondary flow paths, in
which case one of these will be designed to have a lower
resistance than the others. A secondary flow path which does
not terminate may be considered to be a primary flow path
which again splits into two or more further secondary paths.
Whilst the present disclosure has been described with ref-
erence to the core material 223 being a barrier material, it can
of course be a non-barrier material such as a coloured layer
which is required to be present in certain parts of the finished
article and which can be missing from other parts.
The invention claimed is:
1. A method of forming a multilayer injection moulded
article comprising an outer skin of a first material and a
central core of a second material encapsulated by the outer
skin, the method comprising:
injecting the first and second materials in a single stream
into a mould cavity of an injection mould, with the
second material encased within the first material;

controlling a flow of the stream by a plurality of flow paths
within the mould cavity such that both the first and
second materials are present in at least one first mould
cavity area and only the first material is present in at least
one second mould cavity area, the plurality of flow paths
including at least one primary flow path in the first
mould cavity area, which primary flow path divides into
at least two secondary flow paths;

wherein the resistance of a first path of the at least two

secondary flow paths in the first mould cavity area is
reduced relative to that of a second path of the at least
two secondary flow paths in the second mould cavity
area;

wherein controlling the flow of the stream includes advanc-

ing the first and second materials together into the first
secondary flow path;

wherein the mould cavity is configured to form an outer

member of a beverage cartridge and the second mould
cavity area forms a flange portion of the outer member;
and

controlling the flow of the stream by the plurality of flow

paths within the mould cavity includes advancing only
the first material into the second of the secondary flow
paths to form the flange portion.

2. The method as claimed in claim 1 wherein the first
material is substantially liquid impermeable.

3. The method as claimed in claim 2 wherein the second
material is substantially gas resistant.

4. The method as claimed in claim 3 wherein the first and
second materials are different polymeric materials.

5. The method as claimed in claim 1 wherein the resistance
of'the first of the at least two secondary flow paths is reduced
relative to that of the second of the secondary flow paths by
varying one or more of the following elements of the second-
ary flow paths relative to each other:

cross sectional area of the secondary flow paths;

length of the secondary flow paths;

radii between the primary flow path and the first secondary

flow path of the at least two secondary flow paths; and
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at least one angle between the primary flow path and one or

both of the secondary flow paths.

6. The method as claimed in claim 1 wherein one or more
of'the secondary flow paths become primary flow paths which
divide again to form further secondary flow paths.

7. The method as claimed in claim 6 wherein the primary
flow path divides into multiple secondary flow paths.

8. The method as claimed in claim 1 wherein the second
material is substantially gas resistant.

9. The method as claimed in claim 1 wherein the first and
second materials are different polymeric materials.

10. The method as claimed in claim 1 further comprising
connecting a lid to the flange portion of the beverage cartridge
outer member.

11. A method of forming a multilayer injection moulded
article, the method comprising:

co-injecting a first material and a second material in a

single stream into a mould cavity of an injection mould,
with the second material being encased within the first
material;
advancing the first material and the second material
encased in the first material along a primary flow path of
the mould cavity toward an area of the mould cavity
where the primary flow path divides into at least two
secondary flow paths;
directing the first and second materials together into a first
of the secondary flow paths having a resistance that is
reduced relative to a second of the secondary flow paths;

directing only the first material into the second of the
secondary flow paths;

wherein the mould cavity is configured to form an outer

member of a beverage cartridge; and

directing only the first material into the second of the

secondary flow paths forms a flange portion of the outer
member.

12. The method of claim 11 further comprising:

removing the outer member from the mould cavity; and

welding a member to the flange portion of the outer mem-
ber formed in the second of the secondary flow paths of
the mould cavity.

13. The method of claim 11 further comprising advancing
the first material and the second material together along the
first of the secondary flow paths toward an area of the mould
cavity where the first of the secondary flow paths divides to
form a plurality of further secondary flow paths.

14. The method of claim 13 further comprising:

advancing the first and second materials together along one

of the plurality of further secondary flow paths; and
directing only the first material into another one of the
plurality of further secondary flow paths.

15. The method of claim 11 wherein the first material is
substantially liquid impermeable.

16. The method of claim 15 wherein the second material is
substantially gas resistant.

17. The method of claim 11 wherein the first and second
materials are different polymeric materials.

18. The method of claim 11 wherein advancing the first
material and the second material encased in the first material
along the primary flow path of the mould cavity includes
advancing the first and second materials in a first direction;
and directing the first and second materials together into the
first of the secondary flow paths includes directing the first
and second materials in a second direction substantially per-
pendicular to the first direction.
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